(19) 



J 



Europe isches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

18.12.2002 Bulietin 2002/51 

(21) Application number: 02006624.7 

(22) Date of filing: 25.03.2002 



(11) EP1 266 710 A1 

EUROPEAN PATENT APPLICATION 

(51) intci.7: B23B 29/02 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Takahashi,Hidebumi, Mitsubishi Materials Corp. 


MC NL PT SE TR 


Saitama-shi, Saltama-ken (JP) 


Designated Extension States: 


• Ishlkawa, Yoichi, Mitsubishi Materials Corp. 


AL LT LV fAK RO SI 


Saitama-shi, Saitama-ken (JP) 


(30) Priority: 13.06.2001 JP 2001178768 


(74) Representative: HOFFMANN - EITLE 


13.06.2001 JP 2001178769 


Patent- und Rechtsanwaite 




Arabellastrasse 4 


(71) Applicant: MITSUBISHI MATERIALS 


81925 Munchen (DE) 


CORPORATION 




Chlyoda-ku, Tokyo (JP) 





< 

o 

(D 
CO 
CM 



(54) Vibration damping tool 

(57) A vibration damping tool (1 0) Is provided, where 
a hollow portion (15) is fomned in the interior of the distal 
end portion of a tool body(ll) and one end of a weight 
member (1 7) is connected to the inner wall surface (16) 
of the distal end side of this hollow portion (15). A gap 
created between the outer peripheral surface of the 
weight member and the inner wall surface (16) of the 
hollow portion (1 5) is filled with a visco-elastic body (1 8). 
The one end of the weight member (1 7) is formed as a 
narrow diameter shaft portion. The tool body (11) can 
be divided into two and freely removed from and reat- 
tached at a dividing surface located on the base end side 
of the hollow portion (1 5). A hole portion is fonned inside 
the other end of the weight member (1 7) by hollowing 
out the interior thereof. Chatter vibration is thus ab- 
sorbed using a simple structure without there being any 
effects from heat generated during cutting processing. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present Invention relates to a vibration 
damping tool that Is able to suppress vibration generat- 
ed during a process to machine cut a material. 

10 

Description of the Related Art 

[0002] Conventionally, a head portion on which in- 
serts are mounted is attached to a tool body, for exam- 
ple, such as an arbor. A material to be cut may be cut 
by moving the tool body forward while rotating it around 
an axis. Alternatively, an insert may be attached to the 
distal end of a tool body such as a boring bar and the 
material to be cut may be cut as it is rotated around an 
axis. 
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supported in a cantilever manner by a gripping portion 
of a machine tool and when a cutting processing is per- 
formed on the material to be cut using the cutting edge 
of an insert, resonance is created from the natural vibra- 25 
tlon of the tool that derives from the projecting length of 
the tool from the gripping portion to the blade and the 
like and vibration that acts on the tool as a result of cut- 
ting force and the like, and cutting edge vibration is 
thereby generated. This chatter vibration worsens as 30 
the ratio LTD, which is the length L that the tool body 
projects outwards relative to the diameter D of the tool 
body, increases, leading to a deterioration in the surface 
roughness of the processed surface of the material be- 
ing cut, or In severe cases, may lead to a breakage of 35 
the tool body Itself. Therefore, an upper limit value of 
approximately 3 to 4 is set for the ratio LVD, which has 
created problems particularly when an increase in the 
ratio UD is desired such as. for example, in deep groove 
processing of a metal die or In boring processing using 4a 
a boring bar. 

[0004] In order to solve the above described problem, 
as Is disclosed in Japanese Patent Application Laid- 
Open (JP-A) No. 11-19839, for example, the material 
used for the tool body may be formed from a material 45 
having a high Young's modulus. Alternatively as is dis- 
closed in Japanese Patent Application Laid-Open 
(JP-A) No. 9-94706, a cemented cart^ide member may 
be fixed to the outer peripheral portion of the tool body 
along an axial direction thereof by brazing. 50 
[0005] in tools such as these, by increasing the rigidity 
of the tool body, the aim Is to raise the undamped natural 
frequency of the tool body and thereby make it difficult 
for resonance to be generated. However, because chat- 
ter vibration increases as the ratio UD increases, a fun- 55 
damental solution has hitherto not been possible. 
[0006] As another means of solving this problem, as 
is disclosed in Japanese Patent Application Laid-Open 
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(JP-A) No. 59-1106, for example, a hollow portion is 
formed Inside the tool body and a weight member, which 
is elastically supported by two elastic members forming 
a ring shape, is housed in this hollow portion. In addition, 
a viscous fluid such as silicone oil is sealed in the hollow 
portion so as to fill the gap between the weight member 
and the inner wall surface of the hollow portion. 
[0007] Fig. 1 0 shows an example in which this type of 
structure is used in a rotation cutting tool. Chatter vibra- 
tion generated in the tool body 100 excites vibration in 
a weight member 102 that is elastically supported by 
elastic members 1 01 and 101. Subsequently, the vibra- 
tion of the weight member 1 02 is damped by being trans- 
mitted to viscous fluid 1 03 that fills the area around the 
weight member 102. As a result, chatter vibration of the 
tool body 1 00 is suppressed. Namely, this tool body 1 00 
is provided with a dynamic vibration absortser made up 
from a weight member 102 forming a mass element, 
elastic members 101 and 101 fonming spring elements, 
and viscous fluid 103 fonning a damping element. Ac- 
cordingly, vibration ot the tool body 1 00 is damped and 
absortDed by the dynamic vibration absorber. 
[0008] However, the viscous fluid 1 03 that is used as 
a damping element in the dynamic vibration absorber 
has a drawback in that it is easily affected by heat so 
that the viscosity thereof changes. When heat that is 
generated during cutting is transmitted to the viscous 
fluid 103 and the temperature of the viscous fluid 103 
itself increases, the viscosity deteriorates and the damp- 
ing affect also deteriorates causing concern that chatter 
vibration will not be able to be suppressed. 
[0009] Moreover, a sealed structure is needed in or- 
der to ensure that the viscous fluid is sealed inside the 
tool body and does not leak out, which necessarily en- 
tails a complicated structure for the tool body 100. 
[001 0] Furthemnore, because a structure is employed 
in which the weight member 102 is supported by the 
elastic members 1 01 and 101, when a tool body 1 00 that 
is provided with this type of dynamic vibration absorber 
is used as a rotation cutting tool, because eccentricity 
is generated in the weight member 1 02 as a result of the 
rotation of the tool body 100, problems such as it be- 
coming necessary to lower the rotation speed occur 
which mean that this structure is not suitable for use as 
a rotation cutting tool. 

SUMMARY OF THE INVENTION 

[0011] The present invention was conceived in view 
of the above problems and it is an aim thereof to provide 
a vibration damping tool that is able to suppress chatter 
vibration utilizing a simple structure that is not affected 
by heat generated during cutting processing, and that 
enables the ratio LTD of the projecting length L relative 
to the diameter D of the tool body to be enlarged further. 
[001 2] In order to solve the above described problems 
and achieve the above objectives, according to the 
present invention, there is provided a vibration damping 
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tool in which: a hollow portion is formed inside a tool 
body on whose distal end portion is provided processing 
means for processing a material to be cut; one end of a 
weight member connects to an inner wall surface of the 
hollow portion, and a gap is formed between the inner 
wall surface of the hollow portion and portions of the 
weight member other than the connecting portion, and 
at least a portion of this gap is filled with a visco-elastic 
body; and a dynamic vibration absorber is fomied by the 
weight member and the visco-elastic body that damps 
and absorbs vibration of the tool body. 
[001 3] By employing the above described stnjcture, if 
chatter vibration is generated in a tool body during the 
cutting process of a material to be cut, a weight member 
serving as a mass element and a spring element of a 
dynamic vibration absorber vibrates in a substantially 
opposite phase to the vibration of the tool body that has 
one end thereof serving as a fixed end by being con- 
nected to the inner wall surface of the hollow portion. 
The vibration of this weight member is transmitted to a 
visco-elastic body serving as a damping element that 
fills a gap created between the weight member and the 
inner wall surface of the hollow portion and is damped. 
Ultimately, the chatter vibration is suppressed by the vi- 
bration energy of the weight member being converted 
Into progressive heat energy and dissipated. 
[0014] Here, by using a visco-elastic body as the 
damping element in the dynamic vibration absorber, a 
better damping effect is obtained using a smaller mass 
than Is obtained from a viscous fluid. In addition, be> 
cause there is no fear that the visco-elastic body will be 
affected by the heat generated during the cutting 
processing, the damping properties at the design stage 
of the dynamic vibration absoriser can be stably main- 
tained. Furthemiore, there is no need to employ a 
sealed structure in order to seal the viscous fluid, there- 
by enabling a dynamic vibration absorber having a sim- 
ple structure to be obtained. 

[0015] Moreover, because a structure is employed in 
which one end of the weight member is connected to 
the inner wall surface of the hollow portion and thereby 
fomns an integral structure with the tool body, even if the 
present Invention Is employed as a rotation cutting tool, 
there is no fear of the mass becoming eccentric. 
[0016] Furthermore, the present invention is charac- 
terized in that the hollow portion is formed so as to ex- 
tend from the distal end portion along an axial direction 
of the tool body. 

[0017] By employing the above structure, a dynamic 
vibration absorber fomned by a weight member and a 
visco-elastic body is provided at the distal end portion 

of a tool where the chatter vibration amplitude is en- 
larged. As a result, the damping force at the distal end 
portion of the tool body can be made to operate effec- 
tively, and chatter vibration can be effectively sup- 
pressed. 

[0018] Furthermore, the present invention is charac- 
terized in that one end of the weight member connects 



to an inner wall surface on either the distal end side or 
base end side of the hollow portion. 
[0019] Because the main vibration in the chatter vi- 
bration is a vibration in a direction orthogonal to the axis 

5 of the tool body, by connecting the weight member to 
the inner wall surface on the distal end side or base end 
side of the hollow portion, vibration is easily generated 
In a direction orthogonal to the axis enabling the damp- 
ing effect to be Increased. 

10 [0020] Furthermore, the present invention is charac- 
terized in that one end of the weight member is formed 
as a narrow diameter shaft. 

[0021] By employing the above structure, flexure is 
easily generated in the small diameter shaft portion (i. 
15 e., in one end) of the weight member so that vibration is 
easily excited in the weight member. Moreover, the set- 
ting of the undamped natural frequency of the dynamic 
vibration absorber can be made easily and over a wide 
range. Therefore, it is possible to apply the present in- 
vention in tool bodies having a variety of undamped nat- 
ural frequencies, 

[0022] Furthermore, the present invention is charac- 
terized in that the other end of the weight member on 
the opposite side to the end connecting to the inner wall 
surface also connects to the inner wall surface. 
[0023] By employing the above structure, the weight 
member is fixed to the tool body by the both ends of the 
weight member. Therefore, vibration is excited in the 
weight member with the two ends as fixed ends and the 
central portion of the weight member as the loop of the 
vibration. This vibration mode is a higher order vibration 
mode than a vibration in which the fixed end is the node 
of the vibration and the free end is the loop of the vibra- 
tion, and higher order chatter vibration In resonance with 
a high frequency chatter vibration is effectively sup- 
pressed. 

[0024] Furthermore, a hole portion is fomned by hol- 
lowing out an interior portion of an end of the weight 
member on the opposite side to the end of the weight 
member that connects to the inner wall surface, and a 
dynamic vibration absorber is formed by the weight 
member and the visco-elastic body so as to damp and 
absoriD vibration of the tool body. 
[0025] Because a hole portion is formed by hollowing 
out the interior of the end of the weight member on the 
opposite side to the end of the weight member that is 
connected to the inner wall surface on the distal end side 
of the hollow portion, the center of gravity of the weight 
member tends towards the distal end side of the tool 
body, namely, towards the distal end side of the tool 
body that has the larger chatter vibration amplitude. 
Therefore, the effect of suppressing the chatter vibration 
is heightened. 

[0026] Moreover, by forming a hole portion in the 
weight member, the surface area of the outer peripheral 
surface thereof is increased compared with a weight 
member having the same mass in which no hole portion 
is formed. As a result, because a sufficient gap for filling 
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with the visco-elastic body can be ensured, when the 
damping effect is insufficient, this can be supplemented 
by filling the gap with more of the visco-elastic body. 
[0027] Furthermore, the present invention is charac- 
terized in that the tool body has a shaft portion that 
reaches as far as an interior of the hole portion, and at 
least a portion of a gap between the shaft portion and 
the hole portion is filled with the visco-elastic body 
[0028] Because the amplitude of the weight member 
vibrating In resonance with the chatter vibration Increas- 
es the further from the connected end, when the visco- 
elastic body fonming a damping element fills the hole 
portion formed in the other end of the weight member 
having a large amplitude, the vibration energy of the 
chatter vibration that is converted into heat increases. 
Therefore, it is possible to obtain an excellent damping 
effect even when only a small amount of the visco-elas- 
tic body is employed. 

[0029] Furthermore, the present invention is charac- 
terized in that the tool body can be divided, and be freely 
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end side of the hollow portion. 
[0030] If the above described structure Is employed, 
by removing the distal end side portion of the tool body 
that contains the dynamic vibration absorber and direct- 
ly attaching a processing means to the base end side 
portion of the tool body, it is possible for the tool body to 
be used as a tool having a short projecting length. 
[0031] Furthermore, the present invention is charac- 
terized in that the weight member is formed from a high 
density material. 

[0032] By employing the above structure, because 
the size of the weight member can be reduced wh ile the 
mass thereof is maintained, it is possible to con-espond- 
ingly reduce the size of the hollow portion that is fomied 
In the tool body, thereby enabling the rigidity of the too! 
body to be maintained at a high level. 
[0033] The above and other objects and features of 
the present invention will become more apparent from 
the following descnption taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] 

Fig. 1 A Is a partial sectional side view of the vibra- 
tion damping tool according to the first embodiment 
of the present invention. 

Fig. 1 B is across-sectional view taken along the line 
A-A in Fig. 1A. 

Fig. 2 is a partial sectional side view of the vibration 
damping tool according to the second embodiment 
of the present invention. 

Fig. 3 is a partial sectional side view of the vibration 
damping too! according to the third embodiment of 
the present invention. 

Fig. 4A is a partial sectional side view of the vibra- 



[0035] Preferred embodiments of the present inven- 
tion will now be described with reference made to the 

attached drawings. 

[0036] Fig. 1 A is a side view of the vibration damping 
tool according to the first aspect of the present invention , 
and Fig. IB Is a cross-sectional view taken along the 
line A-A in Fig. 1A. 

[0037] As is shown in Fig. 1 , the vibration damping 
tool (referred to below as a damping tool) 1 0 according 
to the first embodiment is a rotation cutting tool that is 
fonned mainly by a tool body 11 and a head portion 14 
(i.e., a processing means). The tool body 11 is made 
from steel, for example, and has a base end supported 
in a cantilever fashion by a gripping portion of a machine 
tool. The tool body 11 has a substantially cylindrical con- 
figu ration and is rotated around an axis O . The head por- 
tion 14 has a plurality of inserts 13 mounted on the outer 
periphery of a distal end of a head body 12. 
[0038] As is shown in Fig. 1, the head portion 14 is 
removably mounted by a connecting screw (not shown) 
on the distal end portion of the tool body 1 1 coaxially 
with the axis O. The head portion 14 is mounted such 
that a cutting edge of each insert 13 protrudes on the 
distal end side and also on the outer peripheral side of 
the damping tool 10. 

[0039] A substantially cylindrically shaped hollow por- 
tion 15 is formed inside the distal end portion of the tool 
body 11 on which the head portion 14 is mounted. The 
hollow portion 15 extends from the distal end portion 
along the axis O of the tool body 1 1 . A substantially cy- 
lindrically shaped weight member 17 made from steel 
like the tool body 1 1 and having an outer diameter small- 
er than the inner diameter of the hollow portion 15 is 
housed inside the hollow portion 15 with a gap between 
the weight member 17 and an inner wall surface 16 of 
the hollow portion 15. In addition, one end 17A in the 
axial direction of the weight member 17 is connected to 



tion damping tool according to the fourth embodi- 
ment of the present Invention. 
Fig . 4B is a cross-sectional view taken along the line 
B-B in Fig. 4A. 

5 Fig. 5 Is a partial sectional side view of the vibration 
damping tool according to the fifth embodiment of 
the present Invention. 

Fig. 6 is a partial sectional side view of the vibration 
damping tool according to the sixth embodiment of 
10 the present invention. 

Fig, 7 is a partial sectional side view of the vibration 
damping tool according to the seventh embodiment 
of the present invention. 

Fig. 8A is a partial sectional side view of a conven- 
es tiona! vibration damping tool. 

Fig. 8B is a cross-sectional view taken along the line 
B-B in Fig, 8A. 

DESCRIPTION OF THE PREFERRED 
20 EMBODIMENTS 
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an inner wall surface 16A on the dista! end side of the 
inner wall surface 1 6 of the hollow portion 15. The weight 
member 17 Is structured so as to be integral with the 
tool body 1 1 . The weight member 1 7 is connected such 
that the axis thereof is coaxial with the axis O of the tool 
body 11, 

[0040] At least a portion of a gap fomied between por- 
tions of the weight member 1 7 other than the connecting 
portion of the end 1 7A that is connected to the inner wall 
surface 1 6A and the inner wall surface 1 6 of the hollow 
portion 15 are filled by a visco-elastic body 18. In the 
present embodiment, the entire gap that is fomied be- 
tween the weight member 1 7 and the inner wall surface 

16 is filled by the visco-elastic. body 18. 

[0041 ] The material used for the visco-elastic body 1 8 
is suitably one having a Young's modulus (using a stand- 
ard hardness article having a speed of 50 mm/min) of 
not more than 1000 [kPa], a penetration (hardness) as 
prescribed by JIS K 2207 of 20 to 300 [1/1 0 mm], a ten- 
sile strength as prescribed by JIS K 6251 of 1 to 4000 
[kPa], and an elongation as prescribed by JIS K 6251 of 
50 to 800 [%]. More preferably, the material suitably has 
a Young's modulus of less than 100 [kPa], a penetration 
of 100 to 180 [1/10 mm], a tensile strength of 1 to 100 
[kPa] , and an elongation of 200 to 400 [%] . In the present 
embodiment, the visco-elastic body 18 used has a 
Young's modulus of 13 [kPa], a penetration of 150 [1/10 
mm], a tensile strength of 30 [kPa], and an elongation 
of 340 [%]. 

[0042] Here, the hollow portion 15 is fonned by pro- 
viding a hole that is coaxial with the axis O running from 
the distal end of the tool body 11 towards the base end 
side, and blocking this hole through a bolting or brazing 
process using a base plate 1 9 to which is attached the 
weight member 17 around which is wrapped the visco- 
elastic body 18. Accordingly, the tool body 11 can be 
handled as a single integral unit with the weight member 

17 and the visco-elastic body 18 contained therein. 
[0043] At this time, the thickness of the visco-elastic 
body 18 wrapped around the weight member 1 7 of the 
base plate 1 9 is made slightly larger than the thickness 
of the gap fomned between the outer peripheral surface 
of the weight member 17 and the inner wall surface 16 
of the hollow portion 16 when the weight member 17 
and the visco-elastic body 1 8 are housed within the hol- 
lowportlon 15. Namely, when the weight member 17 and 
the visco-elastic body 18 are housed inside the hollow 
portion 15, the visco-elastic body 18 is under a slight 
degree of compression. 

[0044] Furthermore, the tool body 1 1 can be divided 
into a portion 11 A on the distal end side and a portion 

11b on the base end side. The distal end side portion 
11 A contains the hollow portion 15 and is bordered by 
a dividing surface P that is orthogonal to the axis O and 
is located further to the base end side than the hollow 
portion 15. The distal end side portion 11 A and the base 
end side portion 1 1 B can be freely attached to and sep- 
arated from each other. A key portion PA having a 



square cross section in a direction orthogonal to the axis 
O is formed in the dividing surface P of the distal end 
side portion 1 1 A. At the same time, a key groove PB into 
which can be fitted the key portion PA is fomied in a 
5 direction orthogonal to the axis O in the dividing surface 
P of the base end side portion 1 1 B. After the key portion 
PA has been fitted together with the key groove PB, the 
distal end side portion 1 1 A is tightly fastened to the base 
end side portion 11 B by bolts, for example, so as to fomi 
10 a single unit. 

[0045] The damping tool 1 0 according to the first em- 
bodiment has the above described structure. The oper- 
ation thereof will now be described. 
[0046] The tool body 11 , on whose distal end portion 
15 the head portion 14 has been mounted, is supported by 
the base end thereof in a cantilever manner in a gripping 
portion of a machine tool. Here, because one end of the 
weight member 17 is fixed so that the weight member 
17 is coaxial with and made integral with the tool body 
1 1 , the tool body 1 1 does not enter into a state of eccen- 
tricity even when rotated, and when the damping tool 1 0 
is rotated during cutting processing, a stable rotation 
state can be maintained. 

[0047] In this way, if the cutting edge of the inserts 1 3 
are made to travel forward towards the distal end side 
in the direction of the axis O towards the material to be 
cut in order to begin the cutting processing, chatter vi- 
bration is generated in a direction orthogonal to the di- 
rection of the axis O of the tool body 11 due to cutting 
force. At this time, the weight member 17 that is con- 
nected to the Inner wall surface 1 6A on the distal end 
side of the hollow portion 15 resonates, and a substan- 
tially opposite phase vibration from the vibration of the 
tool body 11 begins in a direction orthogonal to the axis 
O with the connected end 1 7A of the weight member 1 7 
as a fixed end. 

[0048] Consequently, the vibration of the weight 
member 17 is transmitted to the visco-elastic body 18 
filling the gap between the weight member 17 and the 
inner wall surface 16 of the hollow portion 15, and is 
thereby damped. Ultimately, the chatter vibration of the 
tool body 11 is suppressed as a result of the energy of 
the chatter vibration being converted into progressive 
heat energy and dissipated. 

[0049] Namely, in the first embodiment, a dynamic vi- 
bration absorber formed by a weight member 1 7 fonning 
a mass element and spring element and a visco-elastic 
body 18 forming a damping element is provided within 
the tool body 11 of the damping tool 10, and chatter vi- 
bration is damped and absortsed by this dynamic vibra- 
tion absorber. 

[0050] Here, in the design of a dynamic vibration ab- 
sortDer such as that described above, care is taken that 
the following formulas apply. 

[0051 ] As regards the undamped natural frequency o) 
of the dynamk: vibration absorber (i.e., the undamped 
natural frequency of the weight member)^ the following 
formula applies: 
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a)/n = 1/(1 + \i) 

wherein, 

£2: undamped natural frequency of the tool body 
\i\ equivalent mass ratio (= m/M) 
M: equivalent mass of the tool body 
m: equivalent mass of the dynamic vibration ab- 
sorber (i.e. , the equivalent mass of the weight mem- 
ber). 

[0052] As regards the damping coefficient C of the dy- 
namic vibration absorber, the following formula applies: 

C = Cc X (3^1/(8(1 + (Cc = 2 (mk) 

wherein, 

k: spring constant of the dynamic vibration absorb- 
er ^.^^ thespring conatanlol the weight member). 
[0053] The adjustment of the damping coefficient C 
and the undamped natural frequency u) of the dynamic 
vibration absorber is achieved by causing the size and 
configuration of the weight member 17 to change and 
by causing the volume of the visco-elastic body 18 to 
change. If a dynamic vibration absorber that has been 
designed so that the above formulas apply is used, then 
the dynamic vibration absorber is able to operate to ef- 
fectively suppress vibration from all external forces. 
[0054] If an attempt is made to increase tlie damping 
coefficient C of the visco-elastic body 18 and heighten 
the damping effect by Increasing the thickness of the 
visco-elastic body 18, after a certain point saturation is 
reached. Therefore, in order to increase the damping 
coefficient C of the visco-elastic body 18 and heighten 
the damping effect, it is more effective to increase the 
surface area of the visco-elastic body 1 8 that is in con- 
tact with the weight member 1 7. 
[0055] According to the damping tool 10 of the first 
embodiment, because the weight member 17 vibrates 
in a substantially opposite phase from the chatter vibra- 
tion of the tool body 11 , and because the visco-elastic 
body 18 damps and absorbs that vibration, the chatter 
vibration can be absorbed. For this reason, even if the 
ratio L/D of the projecting length L of the tool body 11 
relative to the diameter D thereof is increased, there is 
no deterioration in the surface roughness of the proc- 
essed surface nor is there any damage to the tool body 
11 . No problems thus occur even, for example, in metal 
die deep groove processing In which the ratio 170 is set 
at a comparatively large value. 
[0056] Moreover, the amplitude of this chatter vibra- 
tion increases the closer to the distal end side of the tool 
body 1 1 and the vibration in a direction orthogonal to the 
axis O of the tool body 11 becomes the main vibration. 
However in contrast to this, because the hollow portion 
1 5 is formed inside the distal end portion of the tool body 



1 1 and a dynamic vibration absorber is provided therein , 
and because the end 17A of the weight member 17 is 
connected coaxially with the axis O to the inner wall sur- 
face 1 6A on the distal end side of the hollow portion 1 5 
5 and the weight member 17 thus has a tendency to vi- 
brate in a direction orthogonal to the axis O, it is possible 
to effectively suppress this chatter vibration in the vicin- 
ity of the head portion 14 (i.e., the distal end portion), 
which has a large chatter vibration amplitude. 
10 [0057] In addition, because the visco-elastic body 1 8 
Is used as a damping element in the dynamic vibration 
absorber, a higher damping effect can be obtained from 
a lesser amount than is obtained from a viscous fluid. In 
addition, because there is no fear that the visco-elastic 
15 body 1 8 will be affected by heat generated in the cutting 
process, the damping properties at the design stage of 
the dynamic vibration absorber can be stably main- 
tained. Furthemriore, there is no need to employ a 
sealed structure in order to prevent leakages and or to 
20 employ measures to prevent oxidation, as is the case 
when a viscous fluid is used, thereby enabling a damp- 
ing tool 10 having a simple structure to be obtained. 
[0058] Moreover, because the end 1 7A of the weight 
member 1 7 is connected coaxially with the tool body 1 1 
25 to the inner wall surface 16A on the distal end side of 
the hollow portion 15 and the weight member 17 and 
tool body 11 are thus fomied as an integral staicture, 
even if the damping tool 1 0 according to the first embod- 
iment is employed as a cutting tool and Is rotated around 
30 the axis O, the centrifugal force of this rotation does not 
cause the weight member 17 to become eccentric and 
ensures that a stable rotation state can be maintained. 
[0059] Furthemnore, in the first embodiment, because 
the tool body 11 can be divided at the dividing surface 
35 p into a base end side portion 1 1 B and a distal end side 
portion 11 A having the hollow portion 15, and because 
these two portions can be freely separated from or at- 
tached to each other, It is possible In cases when there 
is no need to increase the ratio LVD to remove the distal 
40 end side portion 11 A having the hollow portion 15, 
namely, the distal end side portion 11 A that is provided 
with the dynamic vibration absorber and then attach the 
head portion 14 directly to the base end side portion 
11 B. This enables the projecting length to be altered 
45 without the base end of the tool body 11 having to be 
removed from the gripping portion of the machine tool. 
[0060] In cases such as this, because the ratio UD is 
not increased, no chatter vibration is generated and no 
problem is created as a result of not employing the dy- 
50 namic vibration absorber. 

[0061] A description will now be given of the second 
embodiment of the present invention. Portions thereof 
that are the same as in the above described first em- 
bodiment are given the same descriptive symbols and 
55 a description thereof is omitted. Fig. 2 is a partial sec- 
tional side view of the vibration damping tool according 
to the second embodiment. 

[0062] As is shown in Fig. 2, in the damping tool 20 
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according to the second embodiment, the end 17A of 
the weight member 17 presents a shaft portion having 
a narrow diameter that is coaxial with the axis O of the 
tool body 1 1 . The weight member 1 7 is connected to the 
inner wall surface 1 6A of the distal end side of the hollow s 
portion 1 5 by this end 1 7A presenting the nan-ow diam- 
eter shaft portion. In this damping tool 20, the visco-elas- 
tic body 1 8 fills a gap between an outer peripheral sur- 
face that is shaped as a circular cylinder of the weight 
member 17 other than the end 17A and the inner wall 
surface 16 of the hollow portion 15, however, it is also 
possible to decrease the amount thereof used to fill this 
gap or to fill the rest of the gap depending on the design 
of the dynamic vibration absorber. 
[0063] According to the damping tool 20 having the 
above described structure, flexure is easily generated 
in the small diameter shaft portion (i.e., the end 1 7A) of 
the weight member 1 7 so that vibration is easily excited 
in the weight member 17. Moreover, the setting of the 
undamped natural frequency o) of the dynamic vibration 
absorber, namely, of the equivalent mass m and the 
spring constant k can be made easily and over a wide 
range. Therefore, the effect is secured that chatter vi- 
bration is suppressed in tool bodies 11 having a variety 
of undamped natural frequencies Q. 
[0064] A description will now be given of the damping 
tool according to the third embodiment of the present 
invention. Portions thereof that are the same as in the 
above described first and second embodiments are giv- 
en the same descriptive symbols and a description 
thereof is omitted. Fig. 3 is a partial sectional side view 
of the vibration damping tool according to the third em- 
bodiment. 

[0065] As is shown in Fig. 3, in the damping tool 30 
according to the third embodiment, the end 17A of the 
weight member 1 7 presents a shaft portion having a nar- 
row diameter and is also fixed to the inner wall surface 
16A on the distal end side of the hollow portion 15. In 
addition, the other end 17B on the opposite side from 
the end 1 7A also presents a shaft portion having a nar- 
row diameter and is also fixed to the inner wall surface 
1 6B on the base end side of the hollow portion 1 5. Here, 
when the weight member 17 and the visco-elastic body 
1 8 are inserted in the hollow portion 1 5 together with the 
base plate 1 9 , the end 1 7B of the weight member 1 7 is 
fitted together with a support hole 16C provided in the 
inner wall surface 166 on the base end side by being 
inserted into this hole. 

[0066] According to the damping tool 30 having the 
above desaibed structure, both ends 17A and 178 of 
the weight member 17 are fomied having nan'ow diam- 
eter shaft portions and the weight member 17 is fixed 
integrally to the tool body 11 by the two ends 17A and 
178. Therefore, when chatter vibration is generated in 
the tool body 1 1 , vibration is excited in the weight mem- 
ber 1 7 with the two ends 1 7A and 1 78 as fixed ends and 
the central portion of the weight member 1 7 as the loop 
of the vibration. 
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[0067] Here, flexure is easily generated In the two 
ends 17A and 1 78 so that vibration is easily excited in 
the weight member 17. 

[0068] Furthermore, the vibration mode excited in the 
weight member 1 7 is a higher order vibration mode than 
a vibration in which the fixed end is the node of the vi- 
bration and the free end is the loop of the vibration, and 
it is possible to effectively suppress higher order chatter 
vibration resonating with a high frequency chatter vibra- 
tion. 

[0069] A description will now be given of the damping 
tool according to the fourth embodiment of the present 

invention. Portions thereof that are the same as in the 
above described first through third embodiments are 
given the same descriptive symbols and a description 
thereof is omitted. Fig. 4 is a partial sectional side view 
of the vibration damping tool according to the fourth em- 
bodiment. 

[0070] As is shown in Fig. 4, the damping tool 40 ac- 
cording to the fourth embodiment has substantially the 
same structure as the damping tool 20 according to the 
second embodiment. It differs, however, in that the In- 
terior of the end 1 78 of the weight member 1 7, which is 
on the opposite side to the end 1 7A that is connected to 
the Inner wall surface 16A on the distal end side of the 
hollow portion 15, is hollowed out, and a further hollow 
hole portion 17C having a substantially cylindrical con- 
figuration is fomried coaxially with the axis O of the tool 
body 11. 

[0071] In this damping tool 40 the visco-elastic body 
18 is made to fill the gap between the cylindrical outer 
peripheral surface of the weight member 17 apart from 
the end 1 7A and the inner wall surtace 1 6 of the hollow 
portion 15, however, it Is also possible to decrease the 
amount of the fill or to fill the remainder of the gap in 
accordance with the dynamic vibration absorber design . 
[0072] According to the damping tool 40 of the fourth 
embodiment, because a hole portion 17C Is fomned by 
hollowing out the interior of the end 1 78 on the opposite 
side to the end 1 7A of the weight member 1 7that is con- 
nected to the inner wall surface 16A on the distal end 
side of the hollow portion 1 5, the center of gravity of the 
weight member 17 tends towards the distal end side of 
the tool body 1 1 , namely, towards the distal end side of 
the tool body 11 where the chatter vibration amplitude 
is large. Therefore, the effect of suppressing the chatter 
vibration is heightened. 

[0073] Moreover, as described above, in order to in- 
crease the damping coefficient C of the visco-elastic 
body 18 and heighten the damping effect, it is more ef- 
fective if, Instead of increasing the thickness of the vis- 
co-elastic body 1 8, the amount of the visco-elastic body 
1 8 that is in contact area with the weight member 1 7 is 
increased. Therefore, as in the sixth embodiment, if the 
hole portion 1 7C is formed in the weight member 17, it 
is possible to ensure a large surface area for the cylin- 
drically shaped outer peripheral surface of the weight 
member 1 7. As a result, when the damping effect of the 
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dynamic vibration absorber is insufficient, this can be 
supplemented by filling the gap with more of the vlsco- 
elastic body 18 and thereby enlarging the surface area 
thereof that is in contact with the cylindrically shaped 
outer peripheral surface of the weight member 1 7. 
[0074] A description will now be given of the damping 
tool according to the fifth embodiment of the present in> 
vention. Portions thereof that are the same as in the 
above described fourth embodiment are given the same 
descriptive symbols and a description thereof is omitted. 
Fig. 5 is a partial sectional side view of the vibration 
damping tool according to the fifth embodiment. 
[0075] As is shown in Fig. 5, in the damping tool 50 
according to the fifth embodiment the tool body 1 1 pro- 
trudes coaxlally with the axis O from the Inner wall sur- 
face 1 6B on the base end side of the hollow portion 1 5. 
In addition, there is provided a shaft portion 11 C that 
reaches as far as the Inside of the hole portion 1 7C 
formed in the end 1 7B of the weight member 1 7. A visco- 
elastic body 18 is provided in at least a portion of the 
gap between the shaftportion IIC and the hole portion 
1 7C. In the present embodiment, the visco-elastic body 
18 fills the gap between the outer peripheral surface of 
the shaft portion 11 C and the Inner peripheral surface 
of the hole portion 17C. 

[0076] In the damping tool 50 having the above de- 
scribed structure, only a small amount of the visco-elas- 
tic body 1 8 forming a damping element is present in the 
hole portion 17C of the weight member 17. However, 
the amplitude of the weight member 17 vibrating in res- 
onance with the chatter vibration increases the further 
from the end 1 7A that is connected to the tool body 1 1 . 
Therefore, the visco-elastic body 18 located within the 
hole portion 17C fornied in the end 17B of the weight 
member 17 having a large amplitude is compressed by 
a large degree. For this reason, because the energy of 
the chatter vibration that is converted into heat increas- 
es, it is possible to obtain a sufficient damping effect 
even when only a small amount of the visco-elastic body 
18 is employed, as in the fifth embodiment. 
[0077] A description will now be given of the damping 
tool according to the sixth embodiment of the present 
invention. Portions thereof that are the same as in the 
above described first through fifth embodiments are giv- 
en the same descriptive symbols and a description 
thereof is omitted. Fig. 6 is a partial sectional side view 
of the vibration damping tool according to the sixth em- 
bodiment. 

[0078] As is shown in Fig. 6, the damping tool 60 ac- 
cording to the sixth embodiment has substantially the 
same structure as the damping tool 1 0 according to the 
second embodiment. The damping tool 60 differs in that 
the weight member 1 7 is formed from a high density ma- 
terial 41 having a density of 7.9 g/cm^ or more, for ex- 
ample, from a heavy metal having a density of approx- 
imately 1 8 g/cm^. 

[0079] More specifically, the weight member 1 7 has a 
structure in which a high density material 41 formed from 



a heavy metal is wrapped around the circumference of 
a narrow diameter shaft portion 42 made from steel. The 
portion of the narrow diameter shaft portion 42 that is 
not wrapped with the high density material 41 is the end 
5 1 7A connected to the inner wall surface 1 6A on the distal 
end side of the hollow portion 15. 
[0080] According to the damping tool 60 having the 
above described structure, because it is possible using 
a smaller volume to achieve the same mass as when 
10 the entire weight member 1 7 is made out of steel, It be- 
comes possible to reduce the volume of the hollow por- 
tion 1 5 to be formed in the tool body 11 . As a result, the 
rigidity of the tool body 11 can be maintained at a high 
level and an even greater level of suppression of chatter 
15 vibration is made possible. 

[0081] In this sixth embodiment, the weight member 
17 of the damping tool 10 according to the second em- 
bodiment Is formed from a high density material, how- 
ever, It Isalso possible, for example, forthe weight mem- 
20 bers 17 of the first, third, fourth and fifth embodiments 
to be formed from the hic|h density material 41 . 
[0082] In the above-described first through sixth em- 
bodiments a description is given of when the present 
invention is applied in a rotation cutting tool. In the sev- 
25 enth embodiment of the present invention a description 
is given of when the present invention is applied in a 
turning cutting tool. Note that portions of the seventh 
embodiment that are the same as in the above de- 
scribed first through sixth embodiments are given the 
30 same descriptive symbols and a description thereof is 
omitted. Fig. 7 is a partial sectional side view of the vi- 
bration damping tool according to the seventh embodi- 
ment. 

[0083] As is shown in Fig. 7, the damping tool 70 ac- 
35 cording to the seventh embodiment is a turning cutting 
tool that is fonned mainly by a tool body 51 and a head 
portion 54 (i.e., a processing means). The tool body 51 
has a substantially cylindrical configuration and Is made 
from steel, for example. The tool body 51 also has a 
40 base end supported in a cantilever fashion by a gripping 
portion of a machine tool. The head portion 54 (process- 
ing means) has an insert 53 mounted on an angular dis- 
tal end portion of a head body 52. 
[0084] As is shown in Fig. 7, the head portion 54 is 
45 removably mounted by a connecting screw (not shown) 
on the distal end portion of the tool 51 coaxlally with the 
axis O. The head portion 54 is mounted such that a cut- 
ting edge of the insert 53 protrudes on the distal end 
side of the damping tool 50. 
50 [0085] Inside the distal end portion of the tool body 51 
on which this head portion 54 is mounted is housed a 
dynamic vibration absorber fonned by a visco-elastic 
body 1 8 and a weight member 1 7 having the same struc- 
ture as In the above described second embodiment. 
55 [0086] The damping tool 70 according to the seventh 
embodiment has the above described structure. When 
a cutting processing is performed on a rotating material 
to be cut using the cutting edge of the insert 53 mounted 
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on the head portion 54, chatter vibration is generated in 

a direction orthogonal to the direction of the axis O of 
the tool body 54 due to the cutting force. At this time, 
the weight member 1 7 that is fastened to the inner wall 
surface 16A on the distal end side of the hollow portion 
1 5 resonates, and a substantially opposite phase vibra- 
tion from the vibration of the tool body 51 begins in a 
direction orthogonal to the axis O with the connected 
end 1 7A of the weight member 1 7 as the fixed end. 
[0087] Consequently, the vibration of the weight 
member 17 is transmitted to the visco-elastic body 18 
and is thereby damped. Ultimately, the chatter vibration 
of the tool body 51 is suppressed as a result of the en- 
ergy of the chatter vibration being converted into pro- 
gressive heat energy and dissipated. 
[0088] It should be noted that, when the present in- 
vention is applied to a rotation cutting tool, as in the 
above first through sixth embodiments, the projecting 
length from the gripping portion of the machine tool to 
the cutting edge is always the same length, however, 
when the present invention is applied to a turning cutting 
tool, as in the seventh embodiment, when the turning 
cutting tool is mounted in the machine tool there are cas- 
es when the projecting length from the gripping portion 
of the machine tool to the cutting edge may be changed. 
In such cases, the undamped natural vibration of the tool 
body 51 changes and the concern arises that the damp- 
ing properties of the dynamic vibration absorber that 
were assumed at the design stage may not be made 
apparent. Therefore, in the seventh embodiment, as is 
shown by the broken line in Fig. 7, for example, a stop 
member 55 that regulates the projecting length is in- 
stalled In advance in the tool body 51 . If this type of stop 
member 55 is used, in the damping tool 70 used as a 
turning cutting tool, the projecting length thereof can be 
prevented from changing. As a result, because there Is 
also no change in the undamped natural frequency of 
the tool body 51 , it is possible to provide a damping tool 
70 having a dynamic vibration absorber whose proper- 
ties are exactly as were intended in the design stage. 
[0089] Here, as in the above first, third, fourth, fifth, 
and sixth embodiments, it is to be understood that, in 
the damping tool 70 of the seventh embodiment used 
as a turning cutting tool, it is also possible to use a weight 
member 17 formed as a substantially circular cylinder, 
to fix both ends of the weight member 17, to hollow out 
the interior of the end of the weight member 17 on the 
opposite side to the end 1 7A of the weight member that 
is connected to the inner wall surface 16A on the distal 
end side of the hollow portion 1 5, to form a shaft portion 
lie on the tool body 11 and fill the visco-elastic body 
18 Into the gap between the shaft portion 11C and the 
hole portion 17C of the weight member 17, or to forni 
the weight member 1 7 from the high density material 41 . 
Moreover, it is also possible to employ a stnjclure in 
which the tool body 51 can be divided and be freely re- 
moved from or reattached at a position on the base end 
side of the hollow portion 15. 



Claims 

1 . A vibration damping tool comprising: 

5 a tool body provided at a distal end portion 

thereof with processing means for processing 
a material to be cut, said tool body having a hol- 
low portion fomied inside; 
a weight member that connects at one end 

10 thereof to an inner wall surface of said hollow 

portion, with a gap formed between said inner 
wall surface of the hollow portion and portions 
of said weight member other than a portion 
whereat connected to said Inner wall surface; 

15 and 

a visco-elastic body filled into at least a portion 
of said gab, 

whereby said weight member and said visco- 
20 elastic body constitute a dynamic vibration absorb- 
er that damps and adsorbs vibration of the tool body. 

2. A vibration damping tool according to claim 1, 
wherein said one end of the weight member con- 

25 nects to the inner wall surface on either the distal 
end side or base end side of said hollow portion. 

3. A vibration damping tool according to claim 1 or 2, 
wherein the other end of said weight member on the 

30 opposite side to said one end connecting to the in- 
ner wall surface also connects to the inner wall sur- 
face of the hollow portion. 

4. A vibration damping tool comprising: 

35 

a tool body provided at a distal end portion 
thereof with processing means for processing 
a material to be cut, said tool body having a hol- 
low portion fonmed inside; 

40 a weight member that connects at one end 

thereof to an inner wall surface on a distal end 
side of said hollow portion, with a gap fonned 
between said inner wall surface of the hollow 
portion and portions of said weight member oth- 

45 er than a portion whereat connected to said in- 

ner wall surface; 

a visco-elastic body filled into at least a portion 
of said gap; and 

a hole portion formed by hollowing out an inte- 
50 rior portion of an end of said weight member on 

the opposite side to said one end of the weight 
member that connects to said inner wall sur- 
face; 

55 whereby said weight member and said visco- 

elastic body constitutes a dynamic vibration absorb- 
er that damps and absorbs vibration of the tool body. 
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5. A vibration damping tool according to claim 4, 
wherein said tool body has a shaft portion that 
reaches as far as an interior of said hole portion, 
and said visco-elastic body is filled Into at least a 
portion of a gap between said shaft portion and said 5 
hole portion. 

6. A vibration damping tool according to any of the 
claims 1, 4 or 5, wherein said hollow portion is 
formed so as to extend from said distal end portion io 
along an axial direction of the tool body 

7. A vibration damping tool according to any of the 
claims 1 , 4, 5 or 6, wherein said one end of the 
weight member is formed as a narrow diameter is 
shaft. 

8. A vibration damping tool according to any of the 

claims 1 or 4 to 7, wherein said tool body can be 
divided, and be freely removed from and reattached 20 
^ s posi ti on on the -bas© ©nd^ sid& of -said^ hollow 
portion. 

9. A vibration damping tool according to any of the 
claims 1 or 4 to 8, wherein said weight member is 25 
fonned from a high density material. 
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